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Introduction
Systemic antibiotic therapy consisting of metronidazole (MTZ) and amoxicillin (AMX) is an effective non-surgical treatment for periodontitis. Indeed, the treatment protocol consisting of MTZ+AMX and scaling and root planing (SRP) has been shown provide additional benefits to conventional non-surgical debridement for patients with severe periodontitis, including reduced levels of key periodontal pathogens, such as Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans¸ and Tannerella forsythia. 1 Although the microorganisms associated with the etiopathogenesis of peri-implantitis are similar to those associated with periodontitis 2 , to the best of our knowledge, the effectiveness of Declaration of Interests: The authors certify that they have no commercial or associative interests that represent a conflict of interest in connection with the manuscript.
MTZ+AMX treatment adjunctive to non-surgical peri-implant debridement (NSD) has not been tested before. Thus, the aim of this double-blind placebo study was to evaluate the efficacy of a treatment protocol consisting of NSD with adjunct MTZ+AMX for the treatment of peri-implantitis, relative to that of NSD alone.
Methodology

Study protocol and patients
The study protocol was developed in accordance with SPIRIT guidelines 3 and approved by Guarulhos University Ethics Committee on Human Research (CEP-UNG 62/2004). Forty subjects with peri-implantitis were enrolled according to the following inclusion criteria: ≥ 35 years of age; at least one machinedsurface implant with an external hexagon that has been functional for at least 5 years and presented peri-implantitis (probing depth (PD) > 5 mm, periimplant bone loss > 4 mm, and bleeding on probing (BoP) and/or suppuration); ≥ 50% peri-implant bone retained relative to implant length. Exclusion criteria were as follows: pregnancy, current smoking habit, any systemic disease that could affect peri-implantitis progression; NSD, antibiotic or anti-inflammatory therapy in the previous 6 months; and allergy to MTZ and/or AMX.
Treatment and follow-up
After anamneses, clinical/microbiological/ radiographic assessments, and prophylaxis/oral hygiene instruction, the participants were randomized into experimental and control groups using a computer program (https://www.randomizer.org). The experimental group (NSD-AB) patients were treated with NSD and adjunct systemic antibiotic [400 mg MTZ and 500 mg AMX, three times a day for 14 days. The control group (NSD-P) patients underwent NSD and were given placebo MTZ and AMX pills. Antibiotics and placebos were prepared by the same pharmacy and started immediately after the first NSD session.
All NSD procedures were performed with Teflon curettes in a single appointment at baseline. All participants were treated by the same clinician (DSF), examined by the same calibrated researcher (RSS), and given periodontal supragingival maintenance therapy every 3 months post-treatment. Microbiological assessments were performed at baseline (immediately before NSD) as well as at 14 days, 3 months, 6 months, and 1 year after NSD.
Clinical and radiographic evaluation
Each patient was examined for the presence of visible plaque, gingival bleeding, BoP and suppuration. In addition, PD (distance in mm from the peri-implant margin to the bottom of the pocket) and clinical attachment (distance in mm from the implant abutment junction to the bottom of the pocket) were checked at six sites per implant. Intra-oral x-rays were taken on Ektaspeed films according to the parallelism technique. Abutment to peri-implant bone distances were measured in scanned radiographs with Image Tool 3.0. software. These measurements were taken by a trained and calibrated examiner (JAS). A case was considered to have achieved treatment success 4 if the PD was reduced to <5 mm with no BOP, and no bone loss was detected between baseline and 1 year.
Microbiological evaluation
After the clinical assessment, a submucosal sample was taken from the deepest accessible site of one diseased implant in each patient with a mini-five Gracey curette. The proportions of 39 bacterial species in each sample were determined by checkerboard DNA-DNA hybridization. The species were grouped according to the microbial complexes described by Socransky et al. 5 
Statistical analysis
Each clinical parameter was computed for each patient and the individual patients' values were averaged for each group. The percentage of DNA probe counts for each microbial species was determined at each site, averaged for each subject, and then averaged for each time point by group. Within-group differences between study time points were detected with the Wilcoxon Test. Between-group differences at each time point were detected with the Mann-Whitney test. The level of significance was set at 5%.
Results
A total of 40 patients (29 females) with mean age of 58.5 ± 11.1 years were enrolled in this study. The mean implant loading time (20 implants/group) was 60.5 ± 6.3 months. None of the clinical and microbiological parameters evaluated differed significanlty between groups at baseline (Table) .
Bot h t he NSD-AB a nd NSD-P t reat ment protocols improved all clinical parameters (p < 0.05 between baseline and 1 year) and no statistically significant differences were observed between the two groups at 1 year (p > 0.05, Table) , including the percentage of implants achieving treatment success at 1 year (PD < 5 mm, no BoP, and no bone loss), which was 50% in the NSD-P and 65% in the NSD-AB group. Between baseline and 1 year, PD reduction was 1.8 ± 0.2 mm in the NSD-P group and 3.1 ± 1.2 mm in the NSD-Ab, while CA gain was 1.4 ± 0.8 mm and 2.6 ± 1.5 mm, respectively. These differences were not statistically significant between groups.
The mean proportions of microbial complexes at baseline, at the end of antibiotic treatment (14 days), and at the 3-month, 6-month, and 1-year post-NSD follow-up time points are shown in Figure. Both therapies led to a statistically significant reduction in the proportion of red complex species at 14 days and 3 months after NSD. However, significant regrowth of red complex pathogens was observed from 3 months to 1 year post-NSD, specially in the NSD-P group. At 1 year, red complex species were still in significantly lower proportions in the test group (15.0%) in comparison with baseline (32.7%), but not in the control group (18.6% vs 24.7%, respectively).
Discussion
To the best of the authors' knowledge, this study was the first to evaluate the effects of MTZ and AMX in the treatment of patients with peri-implantitis. The data did not demonstrate main clinical or microbiological benefits from the adjunctive use of these antibiotics. Although not statistically significant, we did observe trends towards greater PD reduction and CA gain in the NSD-AB group than in the NSD-P group. However, overall, the percentage of implants achieving treatment success and the microbial profiles did not differ substantially between the two groups at 1 year post-treatment. The failure to achieve treatment success (PD < 5 mm, no BoP, and no bone loss) at the 1-year time point in approximetely half of the implants even in the antibiotic group indicates that non surgical debriedment may not be the most effective treatment strategy for severe peri-implantitis.
By the 1-year time-point, many patients had become recolonized with over 10% of red complex pathogens, which is considered a biological marker for clinical instability. 1 These results are in agreement with previous microbiological studies that have described the difficulty of removing microbial pathogens from implant surfaces with NSD. Notably, total bacterial load has been reported previously to return to initial levels at quite short time intervals of 1-2 months and to increase gradually over time after NSD. 6, 7 The failure of MTZ+AMX treatment to resolve peri-implantitis despite its demonstrated efficacy in the treatment of severe periodontitis may be due to the difficulty inherent in decontaminating dental implant treads. Non-surgical peri-implant therapy has been reported to be more predictable in cases associated with moderate pockets. 8, 9 In this regard, it should be highlighted that the implants included in this study presented very deep pockets, many times exceeding 7 mm. Our negative findings support the notion that severe peri-implantitis may be best treated with open-flap debridement and regenerative and/or ressective therapy. It is not known whether adjunct implant surface decontamination and systemic MTZ+AMX was effective for maintaining bone level stability or gain for up to 1 year in a study of 24 partially dentate patients with 36 implants and moderate to advanced peri-implantitis. Thus, future randomized controlled clinical trials testing the effects of MTZ+AMX adjunctive to open flap debridement may contribute to define more effective treatments for peri-implantitis.
The main limitation of this study was its small sample size. It is possible that more statistically significant results would have been obtained with a study with greater power. Nonetheless, taken together, the clinical and microbiological findings of this trial provide an important body of evidence with direct clinical applications.
In summary, the results of this study do not support the adjunctive use of systemic MTZ+AMX to the non-surgical treatment of peri-implantitis. Moreover, the achievement of clinical success (PD < 5 mm, no BoP, and no bone loss) in only half of the patients from both treatment groups indicates that current non-surgical treatment protocols are often insufficient to treat severe peri-implantitis cases.
